Several studies have shown that in certain human tumours, including colon and breast, the cancer tissue contains significantly higher levels of polyamines than the normal tissue (Kingsnorth et al., 1984a, b) . However, studies using human cancer tissue are limited by both the availability and type of studies which are possible. Tissue culture provides an alternative system for study. HT29/2 19 cells are a line of human colonic cancer cells which are being used increasingly as a model system in which to study cellular metabolism.
Methylglyoxal bis(guany1hydrazone) (MGBG) is an antiproliferative drug currently undergoing clinical re-evaluation for its use in the treatment of certain human malignancies (Warrell & Burchenal, 1983; Maddox et al., 1988) . Although its exact mode of action is not understood, MGBG is probably best known for its effects on polyamine metabolism, notably its effect in decreasing spermidine and spermine formation by the reversible inhibition of S-adenosylmethionine decarboxylase (SAMD) ( Williams-Ashman & Schenone, 1972) . Given the, as yet undefined, role for polyamines as an essential requirement for cell growth (for review, see Pegg 1986), MGBG-induced polyamine depletion is thought to contribute to its antiproliferative effect. However, MGBG is also known to cause mitochondrial damage which has been shown to precede any detectable inhibition of cell growth (Porter et al., 1979) . It is not clear whether interference with mitochondrial function rather than, or as well as, polyamine metabolism is the mechanism responsible for its growth inhibitory effects. The possibility that MGBG inhibition of polyamine biosynthesis is related to mitochondrial damage has not been discounted.
The aim of this study was to determine whether HT29/ 2 19 cells could recover from the antiproliferative effects of MGBG treatment.
HT29/219 cells were seeded at a density of 1.9 x 10' cells/cm? and grown at 37°C in a humidified atmosphere of 5% C02/95% air in Dulbecco's modification of Eagle's We have previosuly shown that 100 PM-MGBG produced a maximal inhibition of HT29/219 cell growth over 48 h and that MGBG was readily taken up and retained by the cells over this time (Coleman & Wallace, 1988) .
Limited treatment of HT29/219 cells for 48 h with 100 PM-MGBG also caused an inhibition of cell growth (Fig. 1) . MGBG was accumulated to 12.61 k0.33 nmol/mg of protein ( n = 3) at this time, which caused a significant decrease in the intracellular content of spermidine and spermine to 59% and 27% of the control cell values. In contrast, the putrescine content increased some 6-fold, a result consistent with inhibition of SAMD. Forty-eight hours after removal of the drug, intracellular MGBG content had fallen to barely detectable levels (<0.04 nmol/mg of protein). At the same time, the MGBG-treated cells re-initiated cell growth as indicated by more than a 2-fold increase in protein content at 96 h with the growth rate increasing slowly thereafter up to 168 h (Fig. 1) . This effect was accompanied by a reversion of the polyamine distribution back to the pattern found in control, exponentially growing cells.
The growth inhibition caused by treatment of HT29/2 19 cells for 48 h with 100 PM-MGBG was slowly reversible on removal of the drug. This was accompanied by the prior recovery of normal intracellular polyamine pools. It may be then that a return to normal polyamine concentrations is a prerequisite to optimal rates of cell growth.
Introduction
Although some integral membrane proteins do not apparently possess an N-terminal signal sequence or other specific membrane localization sequences, their isnertion into cellular membranes is effectively accomplished. An example of this class of protein is cytochrome h, (Anderson et a/., 1983) , an amphipathic liver microsomal membrane protein, which also has the inherent ability to spontaneously insert into artificial membrane bilayers such as those of liposomes (Rogers & Strittmatter 1975) . We have previously determined that the spontaneous associative properties of cytochrome h, extend to the biological membranes of cells such as erythrocytes (George et al., 1988) . It is proposed that by constructing genetic fusions with the hydrophobic domain of cytochrome h, (HP), therapeutically useful hybrid proteins with the property of spontaneous association may be produced. Long lived, versatile carrier systems consisting of liposomes or erythrocytes bearing the relevant proteins at their surfaces may therefore be developed. galactosidase, both at its C-terminal EcoRl site (pSKG2 : HP) and its normal C-terminus (pUR 278 : HP) were constructed (Fig. 1) . After transformation into E. coli ) r k -m k + ) argF-lacUlh~pro::TnS)], cells were grown to an A,,,,, of 0.3, induced with isopropylthiogalactoside and growth allowed to continue to an A,,,,, of 1.0. Cells were then pelleted, lysed in a french press and the cytosolic and membrane fractions separated by ultracentrifugation (VTi 70, 260 000 g for 1 h at 4°C). Membrane protein was recovered by detergent extraction with 2% (w/v) sodium deoxycholate. Both membrane and cytosolic fractions were analysed by SDS/polyacrylamide-gel electrophoresis (PAGE) and Western blotting using anti-( p-ga1actosidase)antisera.
Methods

Construction of p-galactosidase
Association of HI' hybrid proteins with liposomes and erythrocytes. After dialysis to remove the detergent from the membrane extract, aliquots were incubated with preformed small unilamellar phosphatidyl choline (PC) liposomes (Greenhut et a/., 1986) in either 0.01 M-Tris/acetate, 0.1 MNaC1, pH 8.1, or 0.01 M-sodium phosphate, 0.1 M-NaCI, pH 6.0, for 12 h at 4°C. Incubations with erythrocytes were also carried out in the same buffers containing 10 mwglucose and 5 mwinosine for 12 h at 37°C. The liposomes were separated from unassociated protein by floatation through a 20-70% (w/v) glycerol step gradient, while washing with buffer followed by sedimentation ( 3 x ) was used for the erythrocytes. Bound hybrid protein was detected using Western blots in one case (pSKG2:HP) or by following pgalactosidase activity (pUR 278 : HP).
Results and discussion
In our previous studies we have shown that cytochrome b, labelled fluorescently or radioactively associates with erythrocyte membranes. Autoradiography of SDS/PAGE gels confirmed that, of the several radiolabelled proteins present in the preparation, the only protein bound to the VOl. 17
